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DEBRIS FLOWS OR LAVA FLOWS ON MARS? SHAPES OF TERRESTRIAL COUNTERPARTS MAY HELP

IDENTIFY FLOWS IMAGED IN UPCOMING MISSIONS.
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Summary. With the increased camera resolution of
Mars GlobalSurveyorand otherupcomingmissions, it is
likely that more lobate depositwill be imaged in greater
detail. Many of these deposits will turn out to Hava
flows, but othersnay bedebrisflow deposits indicating the
presence of water on Mars.
lahars (debrisflows of volcanoclastic sediments}xist
nearby Elysium Mons [1,2,3] and constitutee Medusae
Fossae Formation [3]that the aureole associated with
Olympus Monsmay berelated to thdlow of lahars[3]; that
Hadriaca [3,4], Tyrrhena [4,5], Apollinaris [4nd Alba
Paterae [4,6], and Cerauni{#] and Hecates Tholj4,7]
may have experienced magma-water interaction; trat
debrisflows may have descended frothe walls of Valles
Marineris [8]. However, if martiandebrisflows resemble
their terrestrial counterpartthey should consist ofhin
deposits showingsubtle brightness differences with their
surroundings and very little relief. Additionally, most of the
characteristic landforms associated with defois's are too
small to be imaged at resolutions of planetamaging
systems. Furthermore, the areal extentnoftterrestrial
debris flows is considerablysmaller than theproposed
Elysium Monslahar deposits. If martiaflows are similar

to terrestrial flows they may have been undetected in Viking for each type of flondeposit.

Orbiter images, butnay bedetected irupcoming missions.
We are developing an understanding of morphological
characteristics of terrestrial debflews from air photos of
the lahars of Mount St. Helend)Nashington; Mount

Augustine, Alaska; and Klyuchevskii, Kamchatka and the spectra.

debrisflows in Owens Valley, California, asell asfrom
descriptive accounts dfiese and other debfisw deposits.

It has been postulated that[10,16].

gradient [16]; oblique lobes protrudeom levees [12,16];
pits are presentrom escapingsteam [19], withdrawal of
water[20] or melting of ice clastR1]; longitudinalgrooves

are presenf22]; larger hummcksare presenf22,23]; and
small distal erosional channelorm from dewatering
Although planformshapes are variablanany
examples widen down-gradiefrom a narrow source, and
some diverge into digitate lobegith large length/widths
and constant widthsMany debrisflows begin channelized,

a characteristic whichassists in their initialmobility
[15,16,18,24]; some actually channelize themselves with
their own levees [10,12,16].Debris flows easily migrate
into topographic valleys because of their low yield strengths.
Our study avoids channelizedkbris flows to the extent
possible because the unchannelited margin reflects the
flow rheology and characteristics unique to its emplacement.

Methodology. Although it is important tounderstand
the qualitative characteristics of debflaws to aid in their
recognition, our study is concernegith an objective,
quantitative characterization that is a direct reflection of
flow rheology, emplacement mechanisend basal slope.
Air photos with resolutions greatédran 1m were obtained
Flows were selected which
are relatively pristineunconfined by valleys, free of large
obstructions, and on basal slopes between 1° and 30°.

Once the margins of the flodeposits are digitizeftom
enlarged airphotos, our algorithm generates dhevature
The algorithm involves a few simglepswhich
are implementedepeatedly:(1) measuring RCor every
group ofthree points (inoverlaping sets), (2)comparing

Our research focuses on a quantitative analysis of theeach RC to a threshold R@) "smoothing" or moving the

margins of terrestriaflow deposits, including rhyodacite,
andesite and basalt lavas, debris flowgroclastic flows
and debris avalanches. ®oalyzetheseflows we use an

center point to reduce RC fanythree points that are under
the threshold, so that they may conform to the threshold, and
(4) measuring the total length of the digitized stream of

algorithm to generate curvature spectra, a measure of thepoints after allRCs conform tothe threshold. Then the

abundance of all orders mdius of curvature (RC) within a
margin. The results areomewhat analogous to Fourier
spectra but can be adapted highly irregular, digitate
margins. The spectra are then examiried consistent

algorithm moves tdhe prespecified, next largest threshold
and repeats the same steps. The end result is a plot (Figs.a-
e) ofchange in margin length (y-axis) verses RC threshold
(x-axis). These "curvature spectrate in essence the

differences between different types of flows, and variations magnitude of curvature verses the abundance of this

within one type. Variation is expecteghongdebrisflows

due to differences in grain size and the size distribution of

debris, bulk sedimentglay and water concentration, and
underlying topography.

Background. Qualitative observations ahorphologies
of terrestrial debridlows documenthat some ofthe most

curvature in the flow margin.

Results. Initial results show that debrisflows have
curvature spectra that are differeinbom those of other
flows. Results have been binnetbr simplicity of
comparison.  Debris flows (Fig.apre distinct from
rhyodacite (Fig.bjand andesite (Fig.d)ows which have an

characteristic features are thin deposits [9, 10, 11], leveesabsence of small RC. Basalt (Fig.d), debris pyrclastic
[10,12,13,14,15] and lobate termini studded with the largest (Fig.e) flows, whichall contain small RC features, can be

clasts [10,14,16], and plandi7] to gently undulating

distinguishedfrom one another by certain differences in

surfaces [9,16]. In some examples surfaces contain unsortedheir spectral patterns. Debifisws and pyroclastic flows

boulders and cobbled 8] decreasing in frequenagown-

have morespikes in their spectra than do basalts. This is
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partly an affect othe long digitate fingers in debris and
pyroclastic flows. Pyroclastic flows hatle peak of their

Earth Surf. Proc., 5227-247. [11] Krafft, efal. (1980),
Bull. Volcanol. Erpt., 1865. [12] Sharp, R.P. (1942)].

small RC spectra at an RC of about 1 meter, whereas debrisGeomorph., 5 222-227. [13] Johnson, A.M(1970), in

flows and basalts havhe peak of their small RC about
10 meters. Although results are preliminary, these initial
differences allow us to separate delimns from other
types of flows. Weintend to betterquantify these
differences and test more examples.
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Curvature spectra of (a) a lahar deposit, Mt. Shasta, CA; (b) a rhyodacite lava flow, South Sis@RP@3lan adesite lava
flow, Mt. St. Helens, WA, (d) an aa basalt lava flow, Mauna Ulu, HI; (e) a pyroclastic flow, Mt. St. Helens, WA.



